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ABSTRACT 

In this paper we report on the third soft gamma-ray source catalog obtained with the IBIS/ISGRI 
gamma-ray imager on board the INTEGRAL satellite. The scientific dataset is based on more than 40 
Ms of high quality observations performed during the first three and a half years of Core Program and 
public IBIS/ISGRI observations. Compared to previous IBIS/ISGRI surveys, this catalog includes 
a substantially increased coverage of extragalactic fields, and comprises more than 400 high-energy 
sources detected in the energy range 17-100 keV, including both transients and faint persistent objects 
which can only be revealed with longer exposure times. 
Subject headings: gamma-rays: observations, surveys, Galaxy: general 



1. INTRODUCTION 

Since its launch in 2002, the INTEGRAL (Interna- 
tional Gamma-Ray Astrophysics Laboratory) observa- 
tory has carried out more than 4 years of observations 
in the energy range from 5 keV - 10 MeV. INTEGRAL 
is an observatory-type mission, and most of the total 
observing time (65% in the nominal phase, 75% during 
the mission extension) is awarded as the General Pro- 
gramme to the scientific community at large. Typical 
observations last from 100 ks up to two weeks. As a 
return to the international scientific collaborations and 
individual scientists who contributed to the development, 
design and procurement of INTEGRAL, a part of the ob- 
serving time (from 35% to 25%) is allocated to the Core 
Programme. During the the nominal lifetime, this pro- 
gramme consisted of three elements, a deep exposure of 
the Galactic central radian, regular scans of the Galac- 
tic Plane, pointed observations o f the Vela reg ion and 
Target of Opportunity follow-ups (Winkler 2003). 

The IBIS (Imager on Board INTEGRAL spacecraft) 
imaging instrument is optimised for survey work with 
a large (30°) field of vi ew with excellent im aging and 
spectroscopy capability (jUbertini et al.l l2003h . and has 
formed the basis of several previous INTEGRAL surveys. 

The frequent Galactic Plane Scans (GPS) within the 
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Core Programme, performed in the first year of oper- 
ations, were successfully exploited to yield a first sur- 
vey of the galactic plane to a depth of ~1 mCrab in 
the central radian (jBird et al.l l2004h . This gave evi- 
dence of a soft gamma-ray sky populated with more than 
120 sources, including a substantial fraction of previ- 
ously unseen sou rces. The second IBIS/ISGRI catalog 
(|Bird et alj I2006D used a greatly increased dataset (of 
^10Ms) to unveil a soft gamma-ray sky comprising 209 
sources, again with a substantial component (~25%) of 
new and unidentified sources. 

2. THE IBIS 'ALL SKY' SURVEY 

In this paper we provide the third IBIS/ISGRI soft 
gamma-ray survey catalog, comprising more than 400 
high-energy sources. 

The instrumental de tails and sensitivity c an be found 
in iLebrun et~aT] (|2003l ) and lUbertini et all (|2003h . The 
data are collected with the low-energy array, ISGRI 
(INTE GRAL Soft Gamma- Ray Imager; ILebrun et all 
(|2003j) L consisting of a pixellated 128x128 CdTe solid- 
state detector that views the sky through a coded aper- 
ture mask. IBIS/ISGRI generates images of the sky with 
a 12' (FWHM) resolution and arcmin source location ac- 
curacy over a ~ 19° (FWHM) field of view in the energy 
range 15-1000 keV. 

This 'all sky' catalog uses mosaic image data from the 
first 3.5 years of IBIS/ISGRI Core Programme and public 
observations. The dataset used in this catalog ensures 
that >70% of the sky is now observed with an exposure 
of at least lOks (see Figured]). As for previous catalogs, 
the aim is to provide a prompt release of information to 
the community. 

3. DATA ANALYSIS AND CATALOG CONSTRUCTION 

The methods used for production of this catalog are the 
same as, or close derivatives of, t hose used in the s econd 
IBIS/ISGRI catalog production ((Bird et all 120061) . Re- 
finements have been made in various areas, and some 
techniques have been extended to deal with the larger 
dataset now in use. 

INTEGRAL/IBIS data is organised in short pointings 
referred to as science windows (sew) each of typically 
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2000s. During the majority of observations, the IN- 
TEGRAL telescope axis is dithered around the nominal 
pointing direction by a few degrees in order to aid image 
reconstruction. In this observing mode, science windows 
contain data taken either during the pointings or during 
the short slews between the dither positions; pointing 
and slew data is not mixed within a science window. A 
small fraction of the observations are performed in 'star- 
ing' mode, where the telescope axis is kept fixed on a 
target for long periods without dithering. In this case, 
the long pointing is divided into several science windows, 
but no slews are present. 

3.1. Input dataset and pipeline processing 

The survey input dataset consists of all pointing data 
available at the end of May 2006, from revolutions (or- 
bits) 12-429 inclusive, covering the time period from 
launch to the end of April 2006. This results in more 
than 40 Ms exposure time in this iteration of the survey 
analysis. 

Pipeline processing was carried out using the latest ver- 
sion of the standard INTEGR AL analysis software (OSA 
5.1; iGoldwurm et alj ((2003)) up to the production of 
sky images for individual science windows. Five primary 
search bands (17-30, 18-60, 20-40, 30-60 and 40-100 
keV) were used to both optimise the source search sensi- 
tivity and provide compatibility with previous datasets. 
The new version of the OSA software allowed lower en- 
ergy thresholds to be used than in previous catalogs, im- 
proving the sensitivity to sources with very soft spectra. 

A catalog of known or expected sources is a key in- 
put for the image deconvolution process. The final in- 
put catalog used in the image processing described here 
comprised ^350 excesses produced primarily by a pre- 
liminary processing of a smaller dataset using 05^4 5.1 
and an input catalog based on the second IBIS/ISGRI 
survey, plus all other INTEGRAL-detected sources (i.e. 
those with an IGR designation) published up to the start 
of processing. 

3.2. Science window selection 

When constructing a final mosaic of all images, it is im- 
portant to remove the small fraction of images for which 
the image deconvolution process has not been success- 
ful. These mainly include data taken during or following 
severe solar activity or near spacecraft perigee passages 
when the background modelling is difficult. 

As for the second IBIS/ISGRI catalog production, the 
image rms (after removal of sources) was used as the 
primary indicator of image quality. The image rms was 
determined for each significance map (at science window 
level), and the distribution of the image rms statistics 
for all science windows was determined. The mean and 
variance of this distribution was determined in order to 
define what can be considered a 'good' image rms. An 
acceptance threshold was then set at 2 sigma above the 
mean image rms, and any individual images with higher 
rms than this were discarded. Typically, this resulted in 
any image with an rms greater than 1.08 (after removal 
of sources) being rejected. Of the ^24000 sew processed, 
^20000 sew were retained in the final sew list. 

Additionally, science windows acquired in 'staring' 
mode, and data taken during the instrument Perfor- 
mance Verification (PV) phase (for simplicity, this was 



taken as up to and including the calibration activities in 
revolution 45) were removed from the main science win- 
dow lists due to their potential adverse effect on final 
mosaic quality. Separate science window lists for star- 
ing data and PV data were constructed with higher rms 
limits to allow for the poorer image quality. 

3.3. Mosaic construction 

The selected science windows were mosaiced using a 
proprietary tool optimised to create all-sky galactic maps 
based on several thousand input science windows. 

The higher exposure and long timebasc spanned by 
this latest dataset has introduced a new problem since 
the second catalog. The source search methods we em- 
ploy are optimised for detection of persistent flux from a 
source; a highly variable source may be clearly detectable 
during outburst, while having an undetectably low mean 
flux over the full dataset. In order to compensate for this 
problem, for this third catalog, we constructed mosaics 
over three timescales. Maps were created for each revolu- 
tion which contained valid data. This is optimised to de- 
tect sources active on timescales of the order of a day. We 
identified 26 sequences of consecutive revolutions which 
had similar pointings. Thus these revolution sequences 
could best be analysed as a single observation, and sen- 
sitivity for sources on longer timescales than revolutions 
(i.e. order of weeks) could be optimised. Ultimately, 
persistent sources can best be detected in an all-archive 
accumulation of all available high-quality data. 

Maps were created for each of these timescales, in each 
of the five energy bands described in section 13.11 these 
being chosen to provide both coverage of the most sen- 
sitive energy range for ISGRI and sensitivity to various 
typical source emission profiles. 

For each energy band and time period all-sky mosaics 
were made in four projections: centred on galactic cen- 
tre, centred on galactic anti-centre, north galactic polar 
and south galactic polar. The purpose of these multiple 
projections is to present the automatic source detection 
algorithms with source PSFs with the minimum possible 
distortions. 

Additionally, maps were made of the two special 
datasets: the staring mode data, which was excluded 
from the main mosaics due to the presence of stronger 
image artefacts which impede the source search algo- 
rithms; the performance verification (PV) data, which 
has poorer image quality and would have been largely 
rejected by the standard rms filters, but contains sig- 
nificant exposure on parts of the sky otherwise poorly 
exposed. The exposure maps for these three separate 
datasets are shown in Figure [U 

In total ^750 maps were created and searched. Each 
mosaic used a pixel size of 0.04° (2.4') at the centre of the 
mosaic in order to optimise source detection and location 
over the whole mosaic. 

3.4. Source searching and location 

Each of the mosaics was searched usin g the SExtractor 
2.44 software (jBertin fc Arnoutslll996l ). The source po- 
sitions measured by SExtractor represent the centroid of 
the source calculated by taking the first order moments 
of the source profile (referred to by SExtractor as the 
barycenter method). 
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Fig. 1. — Exposure maps for the third IBIS/ISGRI catalog ob- 
servations: (lower) the all-archive mosaic (contour levels are at 
500 ksec) which excludes (top left) performance verification phase 
exposure and (top right) staring mode data 

Source detectability is limited at the faintest levels by 
background noise and can be improved by the application 
of a linear filtering of the data. In addition, source con- 
fusion in crowded fields can be minimised by the appli- 
cation of a bandpass filter, specifically the mexhat band- 
pass filter is used in the SExtractor software. The con- 
volution of the filter with the mosaic alters the source 
significances, hence SExtractor uses the source positions 
identified from the filtered mosaic to extract the source 
significances from the original mosaic. 

Additional manual checks were performed on each map 
to check for the (rare) occasions where SExtractor fails 
due to the close proximity of two sources. 

3.5. Source list filtering 

An initial list of 815 excesses was generated by inte- 
gration of all lists derived from mosaic images on whole- 
archive, revolution sequence and revolution timescales. 

In order to identify an excess as a source it is necessary 
first to identify the significance level at which the source 
population dominates over the noise distribution. To this 
end we produce a log-log plot of the number of excesses 
detected by SExtractor above a specific significance as a 
function of that significance. This is shown in Figure [2] 
for the 30-60 keV all-sky mosaic. 

This distribution is fitted by an integrated Gaussian 
and power law function; the power law component rep- 
resents the underlying source population and the inte- 
grated Gaussian fits to the noise component of the distri- 
bution. This model and its components are illustrated in 
Figure [2j the dashed line represents the power-law com- 
ponent; the dotted line represents the integrated Gaus- 
sian component; the dotted-dashed line represents the 
overall model. Based upon the parameters of the fitted 
model it is possible to calculate the significance at which 
the noise distribution contributes 1% of the detected ex- 
cesses - in the case of the 30-60 keV band mosaic this 
level is 4.8a. 

However, this cut-off is based upon the global prop- 
erties of an individual mosaic and the maps contains 
systematic errors that are not uniformly spatially dis- 
tributed. The majority of the systematic noise is at- 
tributable to the very brightest sources and crowded 
regions where the deconvolution software has problems 
cleaning all of the image artefacts. Consequently the sys- 
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Fig. 2. — Distribution of significances of source-like excesses 
found in the 30-60 keV all-sky mosaic. The solid line represents 
the data; the other lines indicate the fit model components, see 
text for details. 

tematic noise is localised to specific regions of the map. 
In areas with large amounts of systematic noise, such as 
the Galactic Centre, the cut-off significance will be higher 
than the global value, while those areas where there is no 
noticeable systematic noise, principally the extragalactic 
sky, a lower threshold is appropriate. 

The situation is further complicated because each map, 
with a different energy band, exposure and instrument 
configuration, will have a subtly different statistical and 
systematic noise distribution, and hence source detection 
criteria. 

We have applied an initial absolute threshold of 4.5a in 
the maps, and all excesses above this threshold were then 
combined into a preliminary source list. Thereafter, each 
candidate source was visually inspected and checked for 
appropriate PSF shape, and removal of systematic map 
artefacts. When necessary, proprietary tools were used 
to compare the peaks found in the maps against local 
rms levels, and perform 2-dimensional gaussian fitting to 
the source PSFs. Both techniques have been found to 
aid source extraction in regions of non-statistical back- 
ground. 

After all selection processes, we obtain a source list 
containing 421 sources, as shown in Table Q] which have 
been located in the short and long timescale maps. 

We can estimate the number of possible false detec- 
tions in our source list as follows. The analysis for 
the all-archive map shown in Figure [2] indicates that 
above 5 sigma significance, there remains a 1% proba- 
bility of a false detection, while for the revolution and 
revolution sequence maps, the corresponding figure is 6 
sigma. In total, 372 of our sources meet one or both 
of these criteria and hence we estimate 4 false detec- 
tions from this sample. The remaining 49 sources should 
be treated with more caution, and we estimate that 10- 
20% of these sources may be false detections, noting in 
passing that our source inspection processes have already 
discarded 75% of the excesses found between 4.5 and 5 
sigma. Hence, overall, we expect that < 3% of the cata- 
log sources result from false detections, and the majority 
of these will be sources below 5 sigma (or 6 sigma in the 
revolution maps). 

A number of deep studies have been performed on 
the ~ 4° x 1° region surrounding the Galactic Centre, 
which is a highly variable sky region containing a group 
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of sources which cannot be de-blended by the imaging 
capab ilities of IBIS alone. For example, Bclangcr et al.l 
(2006) provides a study of the Galactic Centre region 
using both spectral and temporal analyses which are be- 
yond the scope of this broader survey. 

4. NOTES ON THE TABLE 

4.1. Source Positions and Uncertainties 

The astrometric coordinates of the source positions 
were extracted from the mosaics by the centroiding rou- 
tines built into SExtractor 2.4-4- The position of each 
source was taken from the mosaic that had the most 
significant detection. More than 300 of the sources in 
the 3 rd IBIS/ISGRI catalog have well defined positions 
in the SIMB AD/NED database. Measuring the angular 
distance between the measured positions and those pro- 
vided by the SIMBAD database gives an indication of 
the source position errors. 

The point source location error of IBIS is highly de- 
pendent upon th e significance of the source detected 
(|Gros et al]|2003f l. By binning together sources of simi- 
lar significance and calculating the mean source position 
error we can see how the source position accuracy varies 
with significance; this is shown in Fi gure Efl which als o 
shows the empirical model derived bv lGros et al.l (|2003f) : 



(5:c = 22.1cr- aj5 + 0.16 (1) 

5x is the error in the source position (90% confidence, 
in arc minutes) and a is the source significance. It is clear 
that the positions in this catalog are consistent with the 
expected scientific imaging performance of IBIS/ISGRI, 
and no additional systematic effects are introduced dur- 
ing our processing. 



Fig. 3. — The binned mean source position error of sources as a 
function of source significance. Each bin contains 10 sources. The 
dashed line represents the model shown in Equation [T] 

Compared to the second IBIS/ISGRI catalog, the po- 
sition determination has been improved in several ways: 
the source positions are always taken from the mosaic 
in which they have the greatest significance; the use of 
multiple map projections has minimised the distortion of 
source PSFs; and the mosaics themselves are generated 
at higher resolution. 

4.2. Fluxes and significances 

The fluxes quoted in the table are the time-averaged 
fluxes over the whole dataset in two energy bands (20- 
40 and 40-100 keV). The significances quoted are the 



highest significance in any single map (also identified in 
the table), since this gives the best indication of the ro- 
bustness of source detection. However, it should be noted 
therefore that the flux and significance values may derive 
from very different subsets of the data, and may initially 
appear contradictory. 

5. DISCUSSION 

We have derived an 'unbiased' catalog of 421 sources 
observed in a systematic analysis of the IBIS/ISGRI Core 
Programme and public data spanning nearly 3.5 years of 
operations. 
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Fig. 4.— Numbers of sources in the 1st, 2nd and 3rd IBIS/ISGRI 
catalogs, classified by type. 

Figure |4] illustrates a simple breakdown of the sources 
presented in this catalog by source type, and how this 
breakdown compares to previous catalogs. Note that 
we only include firm source type determinations in the 
following analysis, sources are not characterised based 
on their hard X-ray characteristics alone, but based on 
multi-waveband analysis. In the case of candidate AGN, 
an extragalactic nature is strongly indicated by mul- 
tiwaveband analysis using radio, infra-red and X-ray 
archival data, by which their optical counterpart has 
been found to be associated with a galaxy. 

This catalog is composed of 421 sources of which 171 
are galactic accreting systems (corresponding to 41%), 
122 are extragalactic objects (29%), 15 are of other types, 
and 113 (26%) are still not firmly classified. 

Compared to the second catalog (|Bird et al.ll2006| ). the 
most dramatic change is the increase in AGN number, 
largely due to the increased exposure away from the 
Galactic Plane. This is also reflected in the increased 
CV detections, although in this case, it is because we are 
sampling a local approximately spherical distribution of 
objects within ~400pc. 

For galactic sources, this implies we have now detected 
more than half of the s ources rep o rted i n the 2-10 keV 
band in the catalogs of iLiu et all (|2000l ) and iLiu et all 
(|2001h . Taking the HMXB as an example, the number o f 
known HMXB was 30 in 1983 (Ivan Paradiis et aill983ft . 
increasing to 69 in 1995 (jvan Pa radiis et al. 1995), and 
increasing further to 130 in 2001 (jlTu et a l. 2001). Most 
of the new sources were identified with Be/X ray binaries 
and some were only tentatively identified as High or Low 
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Mass on the basis of transient characteristic or spectral 
behaviour. This catalog, extending up to 100 keV, in- 
cludes 68 firm HMXBs, implying not only detection of 
known sources but also that a large number (19 in to- 
tal) of the new INTEGRAL sources are being identified 
with such systems. This is somewhat different to the re- 
sults of 6 years of BeppoSAX/WFC operations, which 
detected predominantly outbursts from LMXB systems. 
While INTEGRAL continues to detect LMXBs, the rate 
of discovery is much lower than for the high-mass sys- 
tems. 

The percentage of sources without a firm identification 
has remained almost constant since the first IBIS/ISGRI 
catalog, at ~25%. This is despite an active and successful 
campaign of fo l low-u p observations in other wavebands 
(jMasetti et al.l (|2006l ) and references therein). Of the 
110 unclassified sources, around 25% have unconfirmed 
or 'tentative' classifications. INTEGRAL Gamma-ray 
(IGR) sources, represent detections that are either en- 
tirely new or those with no obvious counterpart or asso- 
ciation in the hard X-ray and/or gamma-ray wavebands. 
There is a total of 167 IGRs in the third catalog, of which 
69 have been firmly classified, predominantly as AGN, 
HMXB and intermediate polar CVs. The percentage of 
IGRs which have now been classified rises to ^55% if the 
tentative classifications are included. 

Finally, we point out some interesting features of this 
catalog. Firstly, we have detected 21 CVs of which 9 
are new detections and remarkably, for most of them 
emission is extended up to 100 keV. Secondly, we see the 
emergence of the supergiant fast X-ray transient (SFXT) 
class. The search for identification of IGRs sources has 
resulted in 8 firm associations and 4 possible ones. Also, 
there are at least 3 sources that have been observed not in 
coincidence with any recurrence time and reported either 
by Swift/XRT or Chandra. This implies the sources are 
rather persistent HMXB with luminous flares such as the 
HMXB supergiant neutron star systems 4U 1907+097 
(Atel 915). 

Finally, we note that 5 of the sources listed in the sec- 
ond IBIS/ISGRI catalog are not detected in this analysis, 
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although this may be due to source variability in at least 
some cases. 

5.1. Concluding comments 

The positions derived from IBIS are forming the ba- 
sis for an active program of follow-up observations in 
other wavebands, mainly X-ray (XMM-Newton, Chan- 
dra, RXTE and Swift), optical, IR and radio. The IBIS 
survey team, including scientists from five different insti- 
tutes, will continue to refine the analysis techniques and 
apply them to the ever- increasing IBIS dataset. Further 
catalogs are expected to be released whenever the dataset 
and/or analysis tools justify them. 

This is a golden age for high energy astronomy. The 
survey capabilities of IBIS/ISGRI and Swift /BAT are 
providing exceptional coverage of the soft gamma-ray 
sky, and intriguing links are now being found with 
the TeV sky being explored by CANGAROO, HESS, 
MAGIC and VERITAS. These telescopes will soon be 
joined by AGILE and GLAST, providing coverage over 
15 orders of magnitude in energy from keV to TeV. Fur- 
thermore, the sources now being discovered will form the 
vital input catalogs for the next generations of narrow- 
field instruments such as Simbol-X in the X-ray domain 
and GRI at gamma-ray energies. 

We acknowledge the following funding: in Italian Space 
Agency financial and programmatic support via con- 
tracts I/R/046/04 and ASI/INAF 1/023/05/0; in UK 
via PPARC grant PP/C000714/1; in France, we thank 
CNES for support during ISGRI development and IN- 
TEGRAL data analysis. This research has made use 
of: data obtained from the High Energy Astrophysics 
Science Archive Research Center (HEASARC) provided 
by NASA's Goddard Space Flight Center; the SIM- 
BAD database operated at CDS, Strasbourg, France; 
the NASA/IPAC Extragalactic Database (NED) oper- 
ated by the Jet Propulsion Laboratory, California In- 
stitute of Technology, under contract with the National 
Aeronautics and Space Administration. 



Liu, Q.Z., van Paradijs, J., van der Heuvel, E.P.J. , et al. 2001, 

A&A, 368, 1021 
Masetti, N., Bassani, L, Bazzano, A. et al. 2006, A&A, 455, 11 
Ubertini, P., Lebrun. F., Di Cocco, G., et al. 2003, A&A, 411, L131 
van Paradijs, J. et al., 1983, A&A, 124, 294 

van Paradijs, J., in "X-ray binaries", eds Lewin, W.H.G., van 

Paradijs, J. and van den Hevel, E.P.J., 1995, Cambridge, p536 
Winkler, C, et al. 2003, A&A, 411, LI 



6 



TABLE 1 
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rllvlAB,t>vjr 


81.5 


noon n 

2oo9.0 


DO 


ORS 1 Q1 ^-H (To 


288.799 


10.944 


0.2 


9Qfi 8 + f) 1 


1 9^ 4+0 2 


T.MYR Rff T 


2556.6 


2342.0 


B4 


4U 1916-053 


289.701 


-5.238 


0.6 


9.9±0.2 


5.4±0.3 


LMXB,B,D 


58.8 


1147.0 


B5 


SWIFT J1922. 7-1716 


290.633 


-17.305 


3.8 


1.0±0.3 


< 0.9 


? 


6.7 


474.0 


S308B3 


1RXS J192450. 8-291437 


291.246 


-29.235 


5.0 


1.1±0.3 


1.2±0.4 


AGN,BL Lac 


5.0 


506.0 


B3 


IGR J19267+1325 


291.670 


13.425 


3.7 


0.7±0.1 


0.6±0.2 


? 


6.8 


1792.0 


B5 


IGR J19378-0617 


294.413 


-6.218 


4.4 


1.5±0.2 


< 0.8 


AGN,Syl 


5.7 


601.0 


B5 


RX J1940.1-1025 


295.058 


-10.428 


3.0 


2.7±0.3 


2.0±0.5 


CV,P,asynch 


8.7 


369.0 


Bl 


IGR J19405-3016 


295.120 


-30.266 


5.4 


0.9±0.3 


1.2±0.5 


AGN 


4.6 


371.0 


Bl 


NGC 6814 


295.657 


-10.320 


2.4 


3.2±0.3 


3.7±0.6 


AGN,Syl.5 


11.4 


329.0 


B5 


IGR J19443+2117 


296.069 


21.287 


4.9 


1.4±0.3 


0.9±0.4 


? 


5.1 


574.0 


B3 


IGR J19473+4452 


296.823 


44.906 


4.5 


1.8=b0.3 


1.8±0.4 


AGN,Sy2 


5.6 


467.0 


B3 
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TABLE 1 
3rd IBIS/ISGRI Catalog 



X T> T1 n 1 DT 1 r 1 on 

IGrK, J19487H-512U 


297. 


.184 


51.336 


4 


.4 


< 0.9 


< 1.3 


o 


5.7 


240.0 


T~> O OO "F> O 


Kb iy4 r +oUU 


zy 7. 


395 


on onn 


U. 


.8 


1 Q CC _l_ n Q 


n 7j_n a 
y. 7 ±U.4 


TTA |VD "V"D T 1 


43.3 


502.0 


DO 


/ITT IOC/1 1 Q1 

4U iyo4-)-ol 


298. 


926 


32. 102 


1 


.2 


7.0i0.2 


3.0i0.3 


T A ,T "V T3 TVTG9 

LMad,1N b C 


25.0 


677.0 


"D 1 

r51 


Cyg X-l 


299. 


590 


35.199 


0. 


2 


7 bo. 7 ±U.z 


07G 7 j_ n o 
o / 0. 7 ±U.o 


TTA 1VD PIT TT 

nMAD,Dn, U 


4651.3 


1142.0 


rSo 


Cyg A 


299. 


.868 


/in 7/ifi 
4U. /49 


1 


,4 


4.8i0.2 


4.8i0.3 


ALrlN ,byZ 


20. 1 


789.0 


hSo 


oWlr 1 J zUUU.b-(-ozlU 


300. 


085 


32.177 


2 


.9 


2.0i0.2 


1.8rb0.3 


rlMAr>,r>e 


8.9 


734.0 


T3 C 

155 




301. 


691 


-34.559 


4. 


9 


1.7±0.4 


1.4rb0.7 


ALrlN ,byl 


5.1 


241.0 


155 


Ti^ 1~> TOfll O/ 1 1 A C\ A "~t 

ICjrH J2(JlobH-4U4o 


304. 


690 


40.703 


3. 


.3 


1.3±0.2 


1.3±0.3 


AGN? 


7.8 


954.0 


B5 


t /~i T> Tonooc i occ/(/i 
1Lt±v J JUzoo-)-Z044 


307. 


135 


25.772 


4. 


,4 


2.6i0.5 


3.8i0.6 


ALrlN ,byZ 


5.7 


230.0 


T3 Q 

rSo 




308. 


059 


Q7 COO 


0. 


,3 


QO A J_n o 
oZ.4±U.Z 


16.3i0.3 


TTA 1VD "V"D T3 ^ T 1 

J4MAr>,AF,r5c, 1 


150.0 


1009.0 


155 


^yg a-o 


QOQ 

oUo. 


lUo 


/I O OCTfi 

4u.yoD 


U. 


,Z 


1 ofi f;j_o o 
lyD.OztU.z 


7Q Q-UO Q 


UTT\ TVT3 

rllvlAr} 


1 OOfi o 

luyD.z 


1 nnn o 
1UUU.U 


T3 A 

rS4 


/ A. .ZD 


qi o 


OoO 


( 0.140 


Q 

o. 


o 

,y 


Q O-UO ^ 


z.Dztu.y 


Al^rlN ,^oU 


& A 
D.4 


1 1 Q o 


DC 

rS5 


G A "V TOI OQ C I /IK/IK 

oAA JZlUo. 5+4040 


olO 


CO/1 

■oy4 


A 7/1 o 

40. / 4y 


U. 


.0 


1 OJ-O o 

1D.U±U.Z 


7 c_un Q 
( .o±U.o 


UTT\ TVT3 "Y"D T3« T 

rllvlAri, Ar^,r5C, 1 


Q7 O 

o / .z 


yoo.u 


rSO 


OK01 Ifil fil 


olo. 


A OO 

4yz 


on 070 

oZ.v ( Z 


Q 
O. 


.5 


o c i n /i 
Z.O±U.4 


O Q-UO 7 


A^riN ,byi 


7 Q 


1 no n 

iyy.u 


rS5 


T/~i T? T01 1 TG_\_K.1 QQ 


oiy. 


A Qfi 
4o0 


01.000 


A 

4. 


n 
,u 


1 O-UO o 
1 .ZltU.Z 


1 ,1 _un q 


A fM? 


o 

D.Z 


DoO.U 


DO 

Jjo 




qoo 
oZU. 


yuo 


/IO 07Q. 
4Z. Z ( o 


/I 
4. 


o 

,y 


n O-UO o 

u.y±u.z 


<. U.O 


TT> 


0. 1 


oni n 
yui.u 


"R/1 
Jj4 


l^jxIX JZ1Z4 ( -+-0U0CS 


QOI 
OZl. 


1 70 
1 I Z 


c^O 070 

ou.y i z 


1 


n 
u 


O-UO o 
D.UltU.Z 


7-UO Q 
D. / ztU.o 


Al^rlN ,byl 


QI 7 


7fiQ O 
i Do.U 


rSO 


T/~i T? T01 OTP l /lO/ll 


QOI 

oZi. 


700 
. (vZ 


/IO AOO 
4Z.DyZ 


O. 


,o 


n O-UO o 


<. U.O 


7 


/I ^ 
4.0 


701 n 


"R1 
rsi 




QOI 

oZl. 


ODD 


c^fi Ol Q 

oD.yio 


Q 
O. 


,0 


O Q-UO Q 


< l.U 


APM TVTT 

ALriN,iNij byi 


7 n 
/ .u 


Q/i q n 


rSl 


Tl^TD TOT QQ^_I_^1 fie; 


QOQ 
OZO- 


A Qfi 

4oo 


c;i 1 01 
Dl . 1ZI 


1. 


D 


Q Q-UO O 


1 fi_un q 


T"P 


17 o 


71 o n 
1 1U.U 


DC 

rSO 


Ivj-JX JZlo4i-)-4ioi 


QOQ 


.0 f O 


/i 7 f;on 

4 f .DZU 


/I 

4. 


,o 


1 1 _uo 


O 7-UO Q 

u. / ±yj.o 


7 


O.D 


Q/i n 


DC 

rSO 


JtlA. J 2 1.55. 9+47 2© 


324. 


016 


47.535 


4. 


-7 

.7 


1.0i0.2 


0.9i0.3 


ALrlN ,byl 


5.3 


843.0 


T3 1 

r51 


bb Cyg 


325. 


691 


43.583 


1 . 


.6 


3.8i0.2 


1.6dr0.3 


t_> V ,IJ1N 


17.8 


745.0 


rS4 


Cyg X-2 


326. 


169 


38.320 


0. 


,3 


oo j_n o 


2.9i0.3 


T T\ /TVD T3 7 
J^MArS,I3,Zj 


202. 1 


730.0 


r54 


TVT/" 1 ^ TITO 

IN Ijt 7 ± 7 z 


330. 


.492 


-31.874 


1 


.7 


4.8i0.3 


4.9i0.6 


ALrlN ,byZ 


17.0 


271.0 


155 


BL Lac 


330. 


.678 


4Z.ZOO 


3. 


.8 


1.4±0.2 


1.7±0.4 


AGIN ,BL Lac 


6.8 


544.0 


B5 


/ITT oonc i ct/iq 
4U 2zUo-t-54o 


331. 


987 


54.508 


1. 


.0 


8.0i0.3 


5.7i0.4 


rlMAr>,r>e 


Q1 A 

ol.4 


531.0 


rS5 


FO Aqr 


334 


478 


-8.317 


5 


I 


3.6i0.7 


< 2.8 


CV IP 


4.8 


84.0 


Bl 


IGR J22234-4116 


335. 


850 


-41.262 


5 


.3 


< 0.9 


3.2±0.9 


? 


4.6 


146.0 


B2 


IGR J22292+6647 


337. 


295 


66.788 


4. 


.8 


0.9±0.2 


0.6±0.3 


AGN,RG 


5.1 


988.0 


Bl 


NGC 7314 


338. 


.932 


-26.076 


4. 


.9 


2.3=b0.5 


2.2±0.9 


AGN,Syl.9 


5.1 


164.0 


B5 


MR 2251-178 


343. 


.543 


-17.607 


3. 


.5 


3.4±0.6 


5.0±1.1 


AGN,Syl 


7.3 


101.0 


B5 


MCG-02-58-022 


346. 


200 


-8.666 


3 


,7 


2.8±0.4 


1.9±0.8 


AGN,Syl.5 


6.9 


147.0 


Bl 


IGR J23130+8608 


348. 


.261 


86.133 


4. 


8 


1.9=b0.5 


< 1.8 


? 


5.2 


134.0 


B5 


NGC 7603 


349. 


692 


0.206 


5 


,5 


2.6±0.6 


< 2.2 


AGN,Syl.5 


4.5 


87.0 


Bl 


Cas A 


350. 


.848 


58.815 


0. 


.9 


4.1=b0.1 


2.4±0.2 


SNR 


34.2 


1633.0 


B4 


IGR J23308+7120 


352. 


694 


71.336 


4. 


.5 


0.9±0.2 


< 0.6 


AGN? 


5.5 


982.0 


Bl 


IGR J23524+5842 


358. 


111 


58.700 


4. 


.0 


0.7±0.1 


0.8±0.2 


? 


6.3 


1789.0 


B5 



a Names in bold face indicate new detections since second catalog Position errors expressed as radius of 90% confidence circle in arcminutes Time- 
averaged flux expressed in units of mCrab; appropriate conversion factors are: (20-40 keV) 10 mCrab — 7.57 X 10 -11 erg cm' 2 s' 1 — 1.71 X 10 — 3 
ph cm -2 s _1 ; (40-100 keV) 10 mCrab = 9.42 x 10 -11 erg cm -2 s -1 = 9.67 x 10~ 4 ph cm -1 s~ ld Source type classifications: A=Atoll 
source (neutron star); AGN— Active galactic nuclei; AXP— Anomalous X-ray pulsar; B— Burster (neutron star); Be— B-type emission-line star; 
BH— Black hole (confirmed mass evaluation); BHC— Black hole candidate; Cluster— Cluster of galaxies; CV— Cataclysmic variable; D— Dipping 
source; DN— Dwarf Nova; G— Globular Cluster X-ray source; GRB— Gamma-Ray Burst; HMXB— High-mass X-ray binary; IP— Intermediate Polar; 
LMXB— Low-mass X-ray binary; Mol Cloud— Molecular cloud; NS— Neutron Star; P— Polar; PSR— Radio pulsar; PWN— Pulsar wind nebula; QSO — 
Quasar; RG— Radio Galaxy; SFXT— Supergiant Fast X-ray Transient; SG— Supcrgiant; SGR— Soft gamma-ray repeater; SNR— Supernova remnant; 

Sy— Seyfert galaxy; Symb— Symbiotic star; T— Transient source; U— Ultrasoft source; XB — Galactic X-ray binary; XP— X-ray pulsar; Z— Z-type 

c f 
source (neutron star) Maximimum significance in a single map; see mapcode column to identify map with maximum significance Corrected 

on-sourcc exposure (kscc) g Map with maximum significance: Bl=20-40 keV, B2=30-60 keV, B3=20-100 keV, B4=17-30 keV, B5=18-60 keV; a 

prefix of RXXX indicates detection in revolution XXX, SXXX indicates detection in revolution sequence beginning at revolution XXX; ST — 

Staring data h Source type from Vcron and Vcron 1 Possibly associated with BAL QSO, SDSS J03184-0015^ Possibly blended with ES0121-28, 4.8' 

awayk Eta Carinac or source therein^ Source type from CFA catalogue 111 Significantly offset from original source position 11 Blended with NGC 

6221° Blended with ESO 138-1^ Coincident with Sgr A*, but not unambiguously identified; in confused Galactic Center region^ Coincident with 

GO. 13-0. 13 molecular cloud; in confused Galactic Center region In confused Galactic Center region" Blended with RX J2135.9+4728 Blended 

with IGR J21347+4737 



